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Seasonal ScienceWise:
Welcome to the new extended seasonal ScienceWise. We’ve decided to move to 
a slightly longer magazine with a few extra 
stories but to produce four editions a year 
(Spring, Summer, Autumn and Winter) rather 
than six. This delivers the same number of 
science stories but actually reduces the overall 
printing and postage costs considerably.  
We now have well over a thousand schools subscribing to 
ScienceWise and more applications coming every day.  So 
by  moving to a seasonal publication, we’re able to keep all 
the stories, accommodate all the new subscriptions and keep 
within budget.
But enough about the administration - let’s talk about science. 
Because after all, that’s what ScienceWise is all about. 
Why does the Earth have seasons each year? It’s all to do with 
the tilt of the Earth’s axis. The Earth spins on its axis once 
every day making the sun appear to cross the sky from east 
to west. But because this axis is tilted relative to the plane 
of Earth’s orbit, the sun is higher at midday in summer than 
winter. And not by a small amount. The tilt is 23.5° so the sun 
is 47° higher in mid summer than in mid winter!
Sun appears close to local 
vertical in summer
The reason this makes such a big difference to the temperature on Earth is that 
when parallel bundles of rays strike a sphere like the Earth, those hitting at a 
steep angle to the surface are spread over a far larger area than those landing 
square on. So when the sun is low, the energy per square metre is reduced. And 
of course less solar energy means lower temperatures. 
Moving from six short editions per year to four long ones
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When we wash our dishes, we’re removing protein, fats and all manner of other 
contaminants from a ceramic surface. If you 
were to simply run cold water over the plates 
it’s unlikely that the results would be very 
satisfactory. However a combination of what’s 
known as a surfactant (soap),  warm water and 
a bit of scrubbing with a sponge achieves what 
most householders would call a nice clean 
plate. But just how clean is such a surface at 
the molecular level? Probably not very! There 
are many proteins that bond extremely well to 
surfaces leaving a layer perhaps only a molecule 
or two thick - fine for hygienic dining, but not 
good enough for some scientific and industrial 
applications. 
Many industrial processes require components to be so clean 
that their surfaces have no trace of contaminants. To make 
matters worse some components such as the metallic parts 
of silicon chips or detectors can’t be scrubbed or abraded in 
any way. This can necessitate the use of multistage cleaning 
processes that can be messy and expensive. However a group 
of scientists at the Australian National University have recently 
Nanobubbles: 
The Last Word in Cleaning?
discovered a simple technique that may have widespread 
potential to revolutionise a whole range of industrial and 
domestic cleaning applications. The secret is nanobubbles.
When an electric current is passed through water, electrolytic 
decomposition of the water molecules results in the production 
of oxygen and hydrogen gas. The process occurs rapidly in salt 
water but very much more slowly in pure water because of 
its vastly lower conductivity. This in turn is due to the fact 
that water has a very limited ability to self ionise, in other 
words for two H2O molecules to become hydronium H3O
+ and 
hydroxide OH-.
The upshot of all of this is that when a small voltage is applied 
between a conductive component and a second electrode in a 
water bath, bubbles of gas begin to form. If the component is 
used as the cathode (negative electrode) hydrogen gas forms 
on its surface.  But if the water is pure, the conductivity is 
very low and the quantity of gas is miniscule. This means the 
bubbles that form are only a few nanometres across – way too 
small to see even with a microscope.
However, although the bubbles may be invisible, their effects 
are not. The gas forms directly on the surface, beneath the 
contaminants. As the bubble grows it lifts the surface film 
and carries it off into the water when the bubble leaves the 
Dr Guangming Liu demonstrates the nanobubble cell in his lab
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Nanobubbles: 
surface. If the process is repeated a few times 
it is possible to clean a component in a matter 
of seconds without the use of chemicals or 
abrasion.
Nanobubbles are a relatively recent discovery; 
scientists hadn’t looked for them because in 
theory, they shouldn’t exist. When a bubble 
of gas in a liquid is very tiny, the quantity of 
gas it contains is miniscule and it’s surface 
area is large. Its Laplace pressure (the pressure 
difference between inside and outside the 
bubble) is also very high. All this should lead 
to such tiny bubbles simply dissolving into the 
surrounding liquid. The researchers believe that 
reason this doesn’t happen when the bubble is 
on a surface is that the contact angle of the 
bubble to the surface is very much lower than 
would be expected. 
Although nanobubbles may have many future 
applications in cleaning, the potential of this 
technology isn’t limited to just removing 
contaminants. It may have a role in preventing 
the adsorption of materials onto conductive 
surfaces in the first place. One potentially 
exciting use of such a system is marine anti-
fouling.
When ships are new their hulls are clean and 
smooth and they slide through the water easily 
and quickly. However, as they age, marine 
organisms such as barnacles begin to grow 
below the waterline creating a rough surface 
that induces turbulent flow and friction. To 
counter this, shipbuilders have used a number 
of techniques. One of the earliest was to attach 
copper sheets to the bottom of ships, leading 
to the common phrase “copper bottomed” – 
meaning solid and trustworthy. The use of copper 
bottomed ships with their higher speed was one 
of the deciding factors in the supremacy of the 
British navy in the eighteenth century.
Modern ships are coated with toxic anti-
fouling paint rather than copper sheets, but 
this is expensive and can lead to environmental 
problems when the paint needs to be removed 
and replaced. If one day it were possible to 
incorporate nanobubble technology into the 
design of ships, they may be able to clean 
themselves in the water without the need for 
toxic coatings.
Above: Electrolytically formed nanobubbles on a conductive surface lift 
contaminants such as adhered proteins.
Below: Marine organisms such as barnacles  attach them selves to ship’s hulls 
causing drag. Toxic anti-fouling paints are the main current solution to the problem 
but perhaps in the future, electrolytic nanobubbles technology may be used to 
prevent organisms attaching to ships.
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Regulating Pigment Composition and Plant Architecture
Can DNA Packaging in Plants     Affect our Diet?
Carotenoids are the second most abundant class of coloured organic pigments on 
Earth. They tend to absorb blue light giving 
them a characteristic red, orange or yellow 
colour. Carotenoids serve a central role in the 
chemistry of photosynthesis and are found in 
many plants, algae, fungi and bacteria. They 
are what give many fruits their distinctive 
coulors and are also responsible for the vibrant 
hues of autumn leaves.
Beyond their role in plants, Carotenoids are also vital to the 
biochemistry of most animals, including humans. However, 
unlike plants, animals do not directly produce carotenoids, 
so they have to get those they need from their diet. Lack of 
β-carotene, a vitamin A precursor, can lead to deterioration 
of the immune system and blindness. Consequently, fruit and 
vegetables are an essential dietary requirement for humans. 
But not all food colours are due to carotenoids, so not all 
plants provide an adequate source.
Dr Christopher Cazzonelli is a Research Associate at the 
Research School of Biology, ANU. He is a member of the 
Pogson lab in the ARC Centre of Excellence in Plant Energy 
Biology - a cutting edge research centre focused on better 
understanding the way in which plants produce and use their 
energy systems in response to environmental change.
Professor Pogson gave Dr Cazzonelli the challenge of finding 
what limits the production of carotenoids in plants and it 
wasn’t long before he had identified a chromatin-modifying 
gene, SET DOMAIN GROUP 8 (SDG8). He found that it regulates 
carotenoid composition as well as flowering time, seed set, 
germination, root development and shoot branching.
Dr Cazzonelli says, “Loss of function of SDG8 limits production 
of a carotenoid called lutein, (the same compound that 
prevents age-related macular degeneration of the human eye.) 
Furthermore, we have found preliminary evidence of novel 
hormonal-like roles for carotenoids in the differentiation of 
plant stem cells into roots, leaves and flowers.” 
A range of selectively bred carrots exhibiting different Carotenoid pigmentation. Image: Stephen Ausmus.
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Regulating Pigment Composition and Plant Architecture
Can DNA Packaging in Plants     Affect our Diet?
Such modifications in cell structure that arise from external 
factors rather than directly from the cell’s DNA are known 
as epigenetic changes and are becoming an increasingly 
important area of research.
In response to environmental pressures, organisms have 
evolved to reversibly modify DNA-binding proteins. These 
proteins regulate how DNA is packaged within the nucleus of 
the cell. This affects gene expression and cell function without 
changing the original DNA sequence, creating a ‘memory 
process’. 
Unlike genetic modifications, which lead to the inheritance 
of genetic information, such epigenetic modifications can 
mediate the transmission of an active or silent state of gene 
expression without altering the primary DNA sequence. As 
these modifications can be reversible, they can form the basis 
of a controllable regulatory mechanism.
The essential roles of carotenoids, as well as the chromatin-
modifying nature of SDG8, have opened a new door towards 
understanding regulatory mechanisms that control plant 
development. The team are now investigating when and why 
epigenetics regulates carotenoids in fruits and cereals and 
how this effects plant development. 
This further research has many possible applications and could 
one day help developing countries by preventing the medical 
problems associated with gross Vitamin A deficiency. 
Dr Cazzonelli found inspiration and a mentor whilst growing up 
on the Tablelands in Far North Queensland. In between racing 
dirt bikes around his parents’ crayfish farm, his neighbour 
would excite him with stories about molecular biology and 
its potential. He says, “Our discussions were complex: proteins, 
DNA, chromosomes, things that we didn’t know a lot about in 
the late eighties and because it was so hard, I figured that if I 
could study it and be good at it, that I would have an edge, an 
advantage out there in the job market, so I took that chance 
and it has paid off.“
He now has many peer-reviewed data papers including a 
publication in Plant Cell, the plant biology research journal 
with the highest number of citings. However, he plays down 
his blossoming scientific career by saying, “I enjoy working as a 
Plant Molecular Biologist, while I am not racing motocross!”
Professor Barry Pogson, Dr Christopher Cazzonelli with students Andrea Roberts and Alice Burgess in the Plant Growth Room
Guy Micklethwait
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A century ago some astronomers believed that they could see colour changes in the 
Martian continents through their telescopes 
and speculated that this may be due to seasonal 
changes in vegetation. Back then, there were 
no space probes or orbiting telescopes far 
above the Earth’s turbulent atmosphere, so 
this slender evidence was as advanced as the 
search for extraterrestrial life got. Of course, 
in the modern world we have sophisticated 
probes able to actually visit the surface 
of mars and do some much more rigorous 
science.  But how exactly do you look for life 
on another planet with robotic probes? Clearly 
if the images the probe sends back show little 
green men peering into the camera, you know 
you’ve found life. But what about the rather 
more realistic scenario of life existing in the 
form of bacteria or other microbes. 
There are a number of ways to test for this using wet chemistry. 
Samples of soil can be mixed with water and nutrients and gas 
detectors can look for a tell tale “burp” indicating metabolism. 
The problem is that in spite of clever tricks like marking key 
Signs of Life
Applying Nanotechnology to the Search for Extraterrestrial Life
molecules in the nutrient with radioactive isotopes it’s very 
hard to eliminate the possibility of an unknown “dead” 
chemical reaction mimicking the effects of living organisms.
Another method that may side step this problem centres on 
a compound known as Dipicolinic Acid or DPA. DPA is a key 
component in the spores of bacteria and fungi and is often 
used as an indicator of life. Almost all cells on Earth contain 
This is how mars typically appears in the very best Earth based 
telescopes. It’s possible to see continents which some Victorian 
astronomers believed changed colours with the martian 
seasons, perhaps indicating vegetation. Image: Mark Clegg
False colour electron microscope image of TiO2 coated nanowool
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DPA, so given that the rest of the solar 
system formed from the same basic 
ingredients, it would be a fair bet that 
extraterrestrial life would have evolved 
this way too. 
One of the simplest ways to detect 
DPA is by its interaction with Terbium. 
Under UV light DPA becomes photo 
excited and then in turn excites any 
neighbouring terbium atoms by electron 
transfer. The up shot of which is that if 
you pulse terbium with UV it will give a 
characteristically different fluorescence 
when DPA is also present. 
In order to test a sample of Martian soil 
for life, it could be dissolved in solvent 
then deposited on a terbium surface. 
Once the solvent had evaporated the 
fluorescence signature could in principle 
tell you whether DPA was present in 
the residue. One problem with this 
technique is that the signal is likely to 
be quite weak, especially if the quantity 
of spores or cellular debris in the residue 
is small. 
Simply smearing samples over a flat 
terbium surface isn’t a particularly 
efficient way to perform this test, since 
only the molecules on the very surface 
are in direct contact with the terbium 
and so are the only ones to be able to 
participate in electron transfer. One 
improvement would be to vastly increase 
the surface area of the terbium by 
making the surface highly convoluted. 
And one of the most convoluted and 
high surface to volume structures in 
existence is what’s known as nanowool.
Nanowool is a material developed by 
a team of scientists at ANU lead by 
Professor Rob Elliman. (See ScienceWise 
Vol.5 No.1 or http://sciencewise.anu.
edu.au/articles/nanowool). It’s a series 
of incredibly long silicon dioxide nano-
filaments that grow into an interwoven 
mat on the surface of a silicon wafer 
when exposed to particular temperatures 
and atmospheres. In spite of only being a 
few nanometres across the huge length 
of these fibres and their large number 
Above: Professor Rob Elliman, Dr Avi Shalav and Tae Hyun Kim in one of the 
fabrication labs at ANU
Below: Close up electron microscope image of one of the fibres in nanowool showing 
the TiO2 coating over  the silica dioxide core.
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create a mat that’s easy to see and handle. When peeled off 
the wafer it looks like a little square of blotting paper. This 
provides the extraordinary surface area needed for interaction 
with DPA but to work as a detector, the system also needs 
terbium.
To achieve this, a solution containing terbium can be added to 
the nanowool mat and by capillary action will instantly cover 
the exterior of all the fibres. The matt can then be heated to 
boil off the solvents and anneal the terbium onto the outside 
of each fibre like the cladding on an electrical cable. This 
process can be repeated a number of times to either increase 
the thickness of the coating or even create stripes of different 
materials as desired. 
You now have a sensor that by virtue of it’s enormous surface 
area, is capable of identifying the smallest traces of DPA. It also 
has another potential advantage over wet chemistry. Once a 
measurement has been made it is possible to heat the detector 
to high temperature to burn off the residue and refresh the 
sensing capabilities. Since the nanowool is formed at high 
temperatures, it’s relatively immune to heating damage. 
This feature may be of particular value on remote space 
exploration vehicles where it may be desirable to perform 
hundreds of tests using the minimum possible in-flight weight 
and space.
But the potential of nanowool DPA sensing isn’t limited to 
space exploration. Back on Earth security forces are frequently 
confronted with situations where unidentified and potentially 
bio-hazardous substances are found in public places. Quick 
decisions have to be made as to the best course of action. 
If you do nothing you risk spreading a potentially deadly 
infection to the wider population but you can’t quarantine 
hundreds of people somewhere like a shopping mall for the 
several hours or even days it takes for a full lab analysis.  
In answer to this problem, several companies make on 
the spot detection kits for pathogens such as anthrax. One 
of the problems with current detection kits is that their 
sensitivity in certain areas is limited and they are single 
use only. Fluorescence based nanowool detectors may offer 
superior performance in this role and be able to provide more 
quantitative information about the nature of spores present in 
a sample and their concentration.
A silicon wafer with a matt of nanowool over the surface. The paper like matt lifts easily from the wafer - you can see the nearest corner 
is peeling up
Signs of Life... Continued
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If we were able to travel back in time about four and a half 
billion years, we’d be able to see the early planets of the solar 
system beginning to form around an infant sun. This was a 
time of massive and enormously violent impacts, as forming 
planets swept debris and each other out of their orbital paths. 
It was around this time that scientists believe that a body 
about the size of Mars smashed into the Earth which such 
force that enough matter was ejected to create the Moon.
Over time things settles down. Planets gradually found their 
present-day orbits and the frequency of major collisions 
declined. Then around four billion years ago, just about the 
time life was beginning on Earth, something odd happened. 
The orbits of Jupiter and Saturn shifted slightly which in turn 
perturbed Uranus and Neptune.  The gravitational effects of 
this reshuffle extended out into the Oort Cloud – a halo of 
comets in the outer solar system. 
This gravitational reshuffle was enough to induce a shower of 
comets to enter the inner solar system, impacting asteroids 
and catapulting them like billiard balls across the orbits of 
the inner planets. The result was a second period of massive 
bombardment which undoubtedly had a profound effect on 
life on Earth.
But perhaps equally as interesting as these events are in 
themselves, is the way humans living four billion years later 
Cosmic Time Machine
have been able to figure out just what did happen in the 
distant past. Dr Marc Norman and his PhD student Simeon Hui 
are two scientists doing just that. They’re working with tiny 
quantities of lunar soil gathered by the Apollo astronauts and 
using the most modern of analytical techniques to unravel the 
forensics of those distant times.
“Often people think of asteroid impacts like bullets hitting 
solid matter, after which the bullet comes to rest mostly 
intact inside the material,” Dr Norman says, “But the velocities 
of asteroid impacts are so great that the energy released is 
enormous. This often causes the original impactor to simply 
vaporise so the physics of these impacts is a lot more like 
that of underground nuclear explosions than conventional 
ballistics.” 
These massively energetic impacts gave the Moon the rugged 
cratered appearance it has today. Of course the Earth was 
also battered in the same way but unlike the Moon, craters 
on Earth have been all but eradicated by millions of years of 
plate tectonics, erosion by atmosphere and oceans and even 
human activity.
But how exactly can scientists extract such information about 
the history of the solar system from lunar soil? 
“We know from looking at igneous lunar rock – solidified lava 
flows from deep in the mantle - that elements like gold and 
Dr Marc Norman and  Simeon Hui with the SHRIMP mass spectrometer at the Research School of Earth Sciences
How Scientists are Able to Look Back on the Early Solar System
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platinum are almost non- existent in normal lunar rock” Dr 
Norman says “but we also know from meteorites that fall 
on Earth that these elements are actually quite common in 
asteroids. By using a technique called mass spectrometry 
we’re able to separate out lunar samples that were formed by 
impacts from non-impact material by measuring the gold and 
platinum content.”
Of course the really interesting question to a solar system 
historian is not just where the impacts occurred but when? 
To work that out, scientists take advantage of radioactive 
decay. Over very long periods an isotope of potassium (40K) 
decays into argon (40Ar). When an asteroid or comet impacts 
the Moon the enormous energy that’s liberated tends to turn 
rock into a fine spray of molten glass. This cools into the form 
of tiny glass spherules a fraction of a millimetre across. These 
spherules contain small traces of potassium 40 but essentially 
no argon because the melting releases it. As the spherules age, 
the radioactive decay of potassium 40 begins to introduce 
argon again. 
“In effect, the impact resets the potassium-argon clock” 
Dr Norman explains. “From the moment of impact there is 
essentially zero argon in the glass. However as time passes the 
potassium slowly decays creating new argon. If we measure 
the ratio of potassium to argon in a given sample, we can get 
a pretty reliable estimate of the age of the impact feature the 
samples come from.”
Although the samples were collected almost 40 years ago, 
this is the first time it’s been possible to perform advanced 
Above: Comets are rare and spectacular visitors to our part 
of the solar system today, but once they rained down on the 
forming planets creating numerous massive impacts
Below: Simeon Hui with a sample of lunar rock
Cosmic Time Machine... Continued
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chemical analysis and isotope dating on the exact same spherule. “This is really 
important to our data as it means we can determine the likely region where each 
of our glass spherules were formed and the time at which they were formed. 
That’s a really big advantage in a place like the Moon where there have been 
so many impacts that a lot of the material is heavily intermixed. With this data, 
it is possible to narrow down unique impacts and build up a history of lunar 
bombardment,” Simeon says.
Quite apart from filling in details about the early solar system, their work is also 
shedding light on the nature of life on Earth. “We now know that comets contain 
vast quantities of water. One of the really interesting questions that raises is, was 
the water in the Earth’s oceans brought here by comets impacting the surface or 
did it condense around the early Earth from the protoplanetary disc? If the Earth 
was indeed hit by a Mars-sized body about four and a half billion years ago, much 
of any water it had may have been lost in that process.  If that was the case, life 
on Earth as we know it may be due to comets!” Comets may also explain the 
recent discovery of water ice at the lunar poles.
Dr Norman and Simeon’s work is contributing to a large body of scientific 
knowledge that enables us to build up a history of the frequency of impacts in 
our part of the solar system. One of the interesting and perhaps alarming things 
to arise from these studies is that the number of lunar impacts has risen slightly 
in the recent past raising the question of wether another comet shower may be 
coming soon? But it’s not time to sell up and move to another planet. “Soon” on 
a cosmic scale is unlikely to be soon on a human scale!
Four billion years ago the inner solar system was a violent place, gravitational perturbations of the orbits of the gas giants initiated 
a comet shower which in turn deflected many asteroids into the paths of the Earth and Moon. Erosion has removed most of the 
craters from the Earth but the Moon’s ancient landscape still bears the scars.
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When we think of lasers, we usually imagine a narrow beam of light of a 
very particular colour such as that from a 
laser pointer - which is red, green or perhaps 
yellow. This single colour characteristic comes 
from the underlying physics of lasers. Within 
a laser, each photon is created as an exact 
replica of the others, so they all have the 
same wavelength and direction. This is one of 
the properties that make lasers so useful in a 
range of applications. But in some ways, it’s 
also a hindrance.
Almost as soon as lasers were invented, scientists began 
investigating the possibility of broadening out the very 
narrow wavelength range. At first this amounted to little 
more than a slight smearing of the spectral peak. But during 
the last decade with the advent of advanced nonlinear optical 
materials and nano engineered optical fibres, lasers have been 
wavelength broadened to the extent that the light that comes 
out really does appear white. Scientists refer to such laser 
generated white light as a supercontinium.
The Light Fantastic
When White Light Lasers Meet Photonic Devices
One area in which supercontinium light promises great 
advances is in integrated photonic devices. These are essentially 
the optical equivalent of conventional electronic chips, such 
as a computer CPU. But optical chips have the potential to 
operate very much faster than their electronic equivalents in 
many applications.
If one were able to run photonic chips using the white light 
of a supercontinium, there would be the exciting possibility 
to revolutionize numerous fields which require use of many 
different wavelengths at the same time, such as optical 
sensing and characterization, spectroscopy, tomography, 
metrology, and telecommunications. But before it’s possible 
to unlock this potential, it’s necessary to overcome the 
fundamental tendency of different colours to propagate quite 
differently in physical media due to the effects of dispersion 
and diffraction. 
Dispersion is the tendency of materials to have different 
refractive indices for different wavelengths – it’s what causes 
white light to be split into a rainbow by water droplets or a 
glass prism. Diffraction is a property experienced by all waves, 
including light, whereby the wave is scattered at an aperture 
or when it encounters a structure that has a regular series of 
Bright spectrum developed by supercontinium laser
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lines or dots. Diffraction is dependent on 
wavelength so if a structure is created 
that has a series of ridges with the right 
spacing, the effect is to also split the 
light into a spectrum.
Although dispersion and diffraction 
are common terms in optics, these 
phenomena are not exclusive to light. 
Wave particle duality tells us that 
electrons moving in a silicon chip are 
also in effect, tiny waves. These electron 
waves experience diffraction as they 
pass the regular rows of atoms in the 
crystal leading to a range of useful 
effects. In electronics, engineers use 
external applied voltages to control this 
movement of electrons and to some 
extent modify the effects of diffraction. 
What optical engineers would dearly 
love to do is something similar in 
optical chips. Unfortunately there isn’t a 
simple equivalent of an applied external 
voltage for an optical chip, but a group 
of researchers have recently discovered 
a way to do something very similar.
Dr Ivan Garanovich works as a research 
scientist in the Nonlinear Physics 
Centre at ANU. He’s part of a team 
investigating ways to simulate electric 
fields in optical chips. Their work centres 
on what are known as photonic lattices. 
These are regular arrays of lines created 
in transparent materials such as fused 
silica. The light waves interact with the 
lattice in the silica in a very similar way 
to electrons in the natural lattice of 
atoms in a semiconductor crystal. And 
this gives them the potential to make 
optical devices such as transistors and 
switches.
What the team have found is that if the 
regular lattice of the photonic device is 
bent into a gradual curve, the effect on 
the photons is almost exactly the same 
as that electrons experience when a 
voltage is applied to a semiconductor. 
If the curve is just in one direction, it’s 
like a DC voltage. If the curves wave 
from side to side the effect is the same 
as AC.
“What we’re really excited about is 
being able to use this technology to 
overcome diffraction and dispersion and 
synchronise the passage of different 
colours of light through the device,” Dr 
Garanovich explains.
The microscopic photonic lattices 
are created by burning tiny grooves 
into a slab of polished quartz using a 
powerful laser on a computer controlled 
micromanipulation stage. Researchers 
then investigate the propagation of 
supercontinium light through these 
structures in various configurations and 
compare this with theory. 
By calculating what the diffraction and 
dispersion effects will be within the 
photonic lattice and then introducing a 
curve to the structure, the researchers 
have been able to control the 
propagation of each wavelength. In the 
simplest case, this allows white light to 
propagate through the dispersive and 
diffractive lattice without splitting into 
component colours. But that’s just the 
beginning of what’s possible. 
The important thing is that having an 
optical equivalent to voltage gives 
engineers an extra degree of freedom 
in designing components. This means 
that it’s possible to utilize nonlinear 
effects at multiple wavelengths in the 
same medium. Using this technology, 
optical structures can be created that 
guide and process light in ways that far 
more closely mirror electronic devices. 
And that opens up a world of exciting 
possibilities. 
Professor  Yuri Kivshar,  Dr. Andrey  Sukhorukov, Dr. Ivan L. Garanovich and Dr. 
Dragomir N. Neshev  with a supercontinium light source
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200 million years ago many of the great Southern Hemisphere landmasses such as 
Australia, New Zealand, South America, Africa 
Antarctica, Madagascar and India were merged 
into a supercontinent known as Gondwana. 
Over the course of time, movement of the 
tectonic plates created the separate geography 
we are familiar with today. Of course when 
separation happened any plants and animals 
living on these landmasses would have been 
split into isolated populations, each of which 
would have then taken their own separate 
evolutionary course. 
However, there is a puzzle surrounding one group of animals, 
known as the Ratites. Ratites are a family of large flightless 
birds that includes ostriches, emus and New Zealand’s extinct 
giant moa. Large flightless birds would have been easy prey for 
many species of dinosaur so scientists believe the two never 
co-existed. The fossil record supports this idea, indicating that 
the Ratites evolved about 65 million years ago – about the 
same time the dinosaurs died out.
The problem is that by 65 million years ago there were vast 
tracts of ocean between places like Australia and Madagascar 
The Mystery of the Ratites
How Did Flightless Birds Cross the Oceans?
So if Ratites evolved that recently, how did their ancestors  get 
from one isolated landmass to another if they couldn’t fly?
The surprising answer to this puzzle has recently been discovered 
by a team, led by Dr Matthew Phillips, an ARC Postdoctoral 
Fellow at the ANU Research School of Biology. The team found 
that rather than having a common flightless ancestor as was 
originally thought, the Ratites’s closest relatives are in fact 
the small flying tinamous of South America. This implies that 
the evolutionary traits of being large and flightless evolved 
separately in each location driven by environmental factors 
such as plentiful food and a lack of large predators.
“Our study suggests that the flighted ancestors of Ratites 
appear to have been ground-feeding birds that ran well. So the 
extinction of the dinosaurs likely lifted predation pressures that 
had previously selected for flight and its necessary constraint, 
small size. Lifting of this pressure and more abundant foraging 
opportunities would then have selected for larger size and 
consequent loss of flight.” Dr Phillips explains.
“Not only have we shown that the separate ratite lineages 
evolved too recently to have been on Gondwana before its 
continents drifted apart, but from our analyses we infer that 
at least ostriches, and possibly ratites as a whole, have their 
origins in the northern continents.”
Tempting snack for a dinosaur? Scientists believe that large flightless birds like this emu couldn’t have coexisted with the dinosaurs.
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But how do you go about establishing 
the lineage of a group of birds some of 
which have been extinct for thousands 
of years? DNA is not a particularly 
durable molecule, so tissue fragments 
from animals that are long dead don’t 
always provide quality data. However in 
addition to the main DNA concentration 
in the nucleus of each cell, there is also 
a small amount of what’s known as 
mtDNA in the mitochondria. 
Mitochondria are small organelles within 
each cell that facilitate the conversion 
of food into energy. It’s possible that in 
the very distant past they even existed 
as separate micro-organisms that 
became incorporated into host cells, 
hence retaining a little of their own 
specific DNA.
Mitochondrial DNA is often a better 
choice for scientists interested in extinct 
species because there are generally many 
mitochondria in each cell, meaning 
many more copies of the mitochondrial 
DNA exist. The relative simplicity of the 
mtDNA code is also an advantage in 
establishing family lineage.
  
 
 
Above: Dr matt Phillips in the lab
Below: 200 million years ago many 
of the great Southern Hemisphere 
landmasses such as Australia, New 
Zealand, South America, Africa 
Antarctica, Madagascar and India were 
merged into a supercontinent known as 
Gondwana.
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QED. We Think?
Quantum Electrodynamics (QED) is a complex theoretical description of the way 
collections of electrically charged particles 
interact with photons. For example when an 
electron decays from an excited level in an 
atom, QED can predict with amazing accuracy 
the energy of the photon that will be emitted. 
QED is remarkable in that it has been one of the most successful 
theories in the history of physics. Since it’s development in the 
1920s it has also been one of the most extensively tested with 
literally thousands of diverse experiments probing the various 
predictions of QED. And in every case QED’s predictions turned 
out to be spot on.
For this reason it came as a huge surprise to scientists when 
recent experiments showed a small discrepancy between the 
measured fine structure of the 23P triplet state of helium and 
the predictions of QED.  As other researchers confirmed that 
the measured energy level is slightly, but significantly different 
to the predictions, the scientific mystery became more and 
more intriguing.
Amongst the international scientists taking note of this was 
Professor Ken Baldwin of The Australian National University. 
Professor Baldwin is part of an experimental laboratory led 
Putting Quantum Electrodynamics to the Test
by Dr. Andrew Truscott, comprising research fellow Dr. Robert 
Dall and postgraduate students Sean Hodgman and Lesa 
Byron.  Dr. Truscott  and his team are one of only four world-
wide that have succeeded in cooling metastable helium into 
the quantum realm where Bose-Einstein condensation (BEC) 
occurs.  Since BEC techniques employing laser cooling and 
magneto-optic trapping are ideal for confining and isolating 
a cloud of helium atoms in ultra-high vacuum for extended 
periods, the team decided to use the facility to investigate the 
anomalous 23P state. 
This particular experiment aims to make precise measurements 
– for the first time - of the lifetimes (as opposed to energies) 
of the 23P1 and 2
3P2 states as they decay to the helium ground 
state.  In addition, the measurements set an upper bound on 
the decay of the 23P0 state which is predicted to be completely 
forbidden.  
The same technique also enabled the most accurate 
measurement yet of the lifetime of the 23S1 state, which at 
~8000 s is the longest lived neutral atomic state thus far 
discovered.  This ‘metastable’ atomic state  is important in 
wide range of technological devices and naturally occurring 
phenomena, since like the 23P states it is highly energetically 
excited (containing some 20 electron volts of energy as 
well as being very long lived). Professor Steve Buckman, an 
electron physicist who was involved in the metastable lifetime 
Members of the research team with an atom trap
ScienceWise | Volume 7 No.2 - Autumn 2010 19
Putting Quantum Electrodynamics to the Test
measurements, comments that “metastable helium is 
important to the physics of the ionosphere, gas discharges 
and gas lasers as it enables the ‘storage’ of large amounts 
of energy for long times.”
The tremendous advantage of the ANU facility is that it 
can routinely trap an atomic cloud for several minutes – 
a comparative eternity on the atomic scale. The decay of 
these states to the ground state results in the emission 
of a characteristic extreme ultraviolet (XUV) photon. So 
if you can hold your helium atoms for a long enough 
time in a small space under ultra high vacuum, you can 
count the emitted XUV photons and deduce the decay 
time. The longer you can hold the atoms in an undisturbed 
environment, the more accurate the measurements will 
be. 
The lifetime results measured at ANU were in precise 
agreement with the predictions of QED.  “These lifetime 
measurements are a reassuring validation of QED theory,” 
Professor Baldwin says, “But the discrepancies in the 
helium 23P energies measured elsewhere by other groups 
remains. And because those measurements have been 
done by different people using different methods it would 
appear that the anomaly is real.
Atoms can be given a small momentum kick when they absorb a laser photon in an electron energy transition. If the laser is tuned slightly 
away from the transition energy the laser photons will not be strongly absorbed. If however, the atoms are moving towards the laser, the 
transition energy will be slightly Doppler shifted towards the photon energy. This increases absorption and thus momentum transfer to the 
atom in effect slowing it down or cooling it. Once the atom has slowed, the Doppler effect is removed and absorption ceases.
Laser Photon
Small backwards 
momentum kick to 
atom
Photon absorbed in 
energy transition
When the atom is 
moving, the Doppler 
shifted transition 
energy corresponds 
with that of the photon
Natural transition 
energy
Photon energyEnergy mismatch means photon 
is not absorbed and atom 
receives no momentum kick
Moving Atom:
Stationary Atom:
Laser Photon
“Both experimentalists and theorists need to work hard to 
resolve this.”
Theoretical calculations of the energy levels of multi-electron 
atoms are hugely complex and often expressed in terms of the 
summation of an infinite sequence. It’s possible that assumptions 
about the convergence of these series or the cancellation of 
higher-order terms are not correct. Alternatively it’s possible 
that this small anomaly is our first glimpse at something new 
and exciting. Observations of tiny discrepancies in the orbit of 
Mercury in the nineteenth century that couldn’t be explained 
by Newtonian mechanics turned out to be our first glimpse of 
relativity, although no one knew it at the time. 
No one is quite sure of what’s going on yet, but Professor Baldwin 
believes there’s a possibility that it might be something exciting. 
“The energy level measurements enable physicists to measure 
the atomic fine structure constant (alpha) with unbelievable 
precision. One thing physicists are interested in doing is making 
these measurements several years apart to determine if alpha 
has changed. One of the great questions in physics is, ‘Are the 
fundamental constants of the universe really constant?’ And 
this may well be a good test of that.”
laser cooling
How science wise are you? Try  our quiz and see. 
All the answers can be found both in the stories in this edition of ScienceWise and listed on the inside cover. The 
magazine is also available on line at http://sciencewise.anu.edu.au
(1)  What is the tilt of the Earth’s axis
  (A)  0°
  (B) 17°
  (C) 23.5°
  (D) 37.4°
(2)  What is antifouling paint?
  (A) A paint with an odour repulsive to chickens   
  (B) A paint used to stop the growth of marine organisms on ships
  (C) A paint won’t allow spray graffiti to stick over it
  (D) A paint that doesn’t fade in sunlight
(3)  What are Carotenoids
  (A) Small fatty nodules on the carotid artery
  (B) Artificial carrots created using genetic engineering
  (C) A class of vegetable pigments
  (D) Micro-organisms that infest food crops
(4)  What is Dipicolinic Acid
  (A) A compound found in most living cells and especially spores 
  (B) An acid with two picolinic groups on it’s molecule
  (C) A compound found primarily in the mitochondria of neurons
  (D) An especially tasty vinegar used for pickled onions
(5)  How old is the solar system?
  (A) About 5 million years
  (B) About 2.3 billion years
  (C) About 4.5 billion years
  (D) About 9.2 billion years
(6)  What is the potassium-argon clock?
  (A) A system of radioactive isotope dating used by lunar geologists
  (B) A highly stable type of atomic clock
  (C) A long term general relativity experiment left on the moon by Apollo astronauts
  (D) A high speed oscillating electron exchange used by chemists to time fast reactions
(7)  What is a supercontinuium?
  (A) A better version of a continuum
  (B) A type of Bose Einstein Condensate
  (C) A type of lunar rock that is amorphous but large scale structure
  (D) A laser based white light source
(8)  What are ratites?
  (A) Mammals of the rat family
  (B) Flightless birds such as emus
  (C) A series of small rivers in Sumatra
  (D) A nervous disorder characterised by twitching
(9) What was Gondwana
  (A) A Dutch African colony that became part of Rwanda
  (B) A type of dinosaur that lived in swamps
  (C) A supercontinent that existed millions of years ago
  (D) A planed between mars and Jupiter that disintegrated to create the asteroid belt
(10) What do scientists generally mean by laser cooling?
  (A) Slowing down of a stream of atoms using lasers
  (B) Using laser light to cool a metallic surface
  (C) Using lasers to eject excess heat from a spacecraft
  (D) quenching hot semiconductor lasers in water when they’re still hot from manufacture
 
ScienceWise
Science Magazine of the auStralian national univerSity
